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1. Introduction 
Today method of coronary angiography and ventriculography (CVG) is a “golden 
standard” in diagnosis of coronary arteries atherosclerosis (Masaki Y. et al., 2005). Besides, 
CVG is successfully used for left ventricle (LV) global contractility evaluation and LV 
aneurism diagnosis in the patients after acute myocardial infarction (AMI) before surgeon 
revascularization and decision about LV surgeon plastics. But being invasive, this method 
has certain limitations and cannot be suitable for dynamic medical supervision afterwards 
(Schuijf J.D. et al., 2004). It should be mentioned, that possibility of coronary atherosclerosis 
diagnosis is not necessarily connected with arterial lumen narrowing. Atherosclerotic 
plague prolapses into arterial lumen, causing its narrowing and relevant clinical symptoms. 
But early stages of atherosclerosis usually do not lead to hemodynamically significant 
patency decrease and may not be seen by means of CVG. That is why design of new 
methods of coronary pathology, especially non-invasive, is of great importance. Among the 
demands to up-to-date examination methods high specificity, sensitivity, accuracy and 
safety should be mentioned, as well as high repeatability and economical suitability. All 
these features are attributes of multislice spiral computed tomography (MSCT) (Laissy et al., 
2007; Masaki et al., 2005), what explains constantly growing interest to this method. Main 
advantage of Doppler echocardiography (EchoCG) is that it allows non-invasively and in 
real time to evaluate dimensions and behaviour of cardiac structures, to obtain 
characteristics of heart hemodynamics and indirect impression of chamber and main vessels 
pressures. Significant comparability of EchoCG results with chambers catheterization data 
has been long proven (Becher et al., 2004; Swedberg et al, 2005). Postinfarction LV aneurism 
promotes LV remodeling, worsens its systolic and diastolic function. LV myocardial 
function may improve in case of adequate vascularization revival due to surgeon procedure, 
for instance coronary arteries bypass graft (CABG) (Becher et al., 2004; Budoff, 2004; Dirksen 
et al., 2002; Dolzhenko et al.. 2007). Aneurism resection significantly influences LV 
remodelling, promotes chamber pressures decrease and slows down heart failure (HF) 
progression (Dolzhenko et al., 2008). That is why cardiologist and cardiac surgeon need 
maximum of objective information not only about coronary arteries patency, but also about 
LV structural and functional changes in order to adequately evaluate severity of operational 
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risk and long-term postoperational prognosis (Budoff, 2004; Dirksen et al., 2002; Dolzhenko 
et al., 2008). Up to now there were few attempts to compare informative diagnostic value of 
invasive and non-invasive methods of LV structural anomalies in the patients after AMI.  
Among those, there are promising data regarding high correlation (r=0.76) of non-invasive 
evaluation of left ventricle (LV) ejection fraction (EF) between resting echocardiographic EFs 
and single photon emission computed tomography (SPECT) resting gated sestamibi images 
in patients with single-vessel disease, and a moderate correlation (r=0.68 and r=0.68) in 
patients with 2- and 3-vessel disease, respectively, while patients with two and 3-vessel 
disease were statistically more likely to have RWMAs detected by gated SPECT sestamibi 
than by echo (Fleming, 2002).  
It has also been shown, that changes in resting LVEF and high-dose 
dipyridamole pharmacologically induced stress LVEF (SEF) provide a valuable diagnostic 
marker as to the number of significantly diseased coronary arteries and can be acquired 
from gated SPECT sestamibi images (Fleming&Boyd, 2002). 
The aim of this study was to compare the efficacy of modern methods of heart left chambers 
visualization in the patients after acute myocardial infarction (AMI) with LV aneurism 
before coronary arteries bypass graft (CABG) combined with LV aneurismectomy 
(CABG+AE) in LV global contractility evaluation and reliability in LV chronic aneurism and 
its thrombosis diagnosis.  
2. Methods 
The study was approved by local ethics committee. 
In the study we prospectively included 116 patients after AMI with LV postinfarction 
aneurism (LVA) without significant valvular dysfunction eligible for CABG combined with 
LVA resection. Exclusion criteria were a history of recent myocardial infarction (4 weeks 
before pre-operative angiography), atrial fibrillation, significant valvular heart disease or 
previous CABG. During and after the CABG, standard laboratory markers for myocardial 
infarction were obtained and none of the patients was diagnosed with perioperative 
myocardial infarction. Medication treatment in all the post-infarction patients included 
aspirin, statin, beta-blocker, ACE inhibitor and nitrates, if indicated. All patients underwent 
EchoCG and MSCT prior to the operation. Fourty age-matched subjects with CAD and 
without AMI history, who underwent CVG, EchoCG and contrast MSCT for coronary 
revascularization decision, served as controls. Program of the study included X-ray contrast 
CVG, MSCT with chambers contrast and Doppler EchoCG. 
2.1 Coronary angiography 
Coronary angiography with ventriculography was conducted and interpreted by trained 
physicians 1 week preceding CABG+AE. A 50% or more reduction of the luminal diameter 
in 2 orthogonal projections of a major coronary artery or one of its major branches or a 
bypass graft was considered to be significant for CAD. It is known, that LV postinfarction 
aneurism is a transmural scar with typical smooth inner surface without trabecular 
structures. LV wall is usually very thin in this place, causing  inner and outer wall surfaces 
bulging. During systole the involved LV segment are akynetic or dyskinetic (showing 
paradox bulging movement) (Fleisher et al., 2007). LV aneurism and its thrombosis 
diagnosis during CVG with further confirmation ad oculus during operation was used as 
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diagnostic “golden standard” (Fleisher et al., 2007). LV global contractility was evaluated by 
ejection fraction (EF) calculation by Simpson disc method in right anterior oblique 300 
projection (Fleisher et al., 2007; Scanlon et al., 1999). 
2.2 Echocardiography 
A standard clinical echocardiographer, equipped with pulsed-wave TDI option (Medison 
"SonoAce" 9900) was used. Recordings and calculations of different parameters, including 
LV chamber volumes and EF, were performed according to the recommendations of the 
American Society of Echocardiography(Scanlon et al., 1999). LV global contractility was 
evaluated by by Simpson disc method in 4- and 2-chamber apical positions by calculating 
end-diastolic (EDV, ml) and end-systolic (ESV, ml) volumes with their indices to body 
surface area (EDI and ESI, ml/m2) and LV EF, %. LV aneurism was defined as transmural a- 
or dyskinetic scar tissue with distinct smooth inner surface involving two or more LV 
segments (Dolzhenko et al., 2008; Fleisher et al., 2007). 
2.3 Multislice computed tomography 
MSCT was performed on tomographer «Light Speed-16» («General Electric Company», 
USA) using cardiological «Advantage Workstation 4.2» («General Electric Company», USA). 
Spiral mode of tomography with 2,5 mm thick slice and retrospective ECG synchronization 
was intravenous  ed with 6-8 seconds scanning time and 3600 rotation. Study was performed 
at breath held after infusomat “Omnipac” intravenous infusion. Exposure dose constituted 
2,2 mSv per one study at 16 slices per 200 frames. LV global contractility was evaluated by 
LV EF calculation by Simpson disc method in 4-chamber projection. LV aneurism was 
defined as transmural a- or dyskinetic fibrous scar tissue with distinct smooth inner surface 
without trabecular structures involving two or more LV segments (Dirksen et al., 2002; 
Swedberg  et al., 2005). 
2.4 Statistics 
Comparison of different methods was performed using multiple regression analysis with 
95% confidence interval and correlation analysis. In comparison of diagnostic value of the 
studied methods we evaluated the following characteristics: accuracy (diagnostic efficacy) – 
percentage of correct test results out of general quantity of both positive and negative 
results; sensitivity (Se) – percentage of subjects with positive test results in the population 
with the studied pathology; specificity (Sp) – percentage of subjects with negative test 
results in the population with the studied pathology; positive predictive value (+PV) – 
probability of symptom or disease in case of positive test result; negative predictive value (-
PV) – case of negative (normal) test result. 
The above numbered indices were calculated by formulas:  
Se=N(TP)/(N(TP)+N(FN))х100%; 
Sp=N(TN)/(N(TN)+N(FP)х100%; 
+PV=N(TP)/(N(TP)+N(FP) х 100%; 
- PV= (TN)/(N(TN)+N(FN)х100%;  
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where N is the quantity of studied patients; TP – truly positive diagnosis; FP – false positive 
diagnosis; TN – truly negative diagnosis; FN – false negative diagnosis12,13. 
The results are expressed as the mean and 1 standard deviation. The parameters of patients 
and healthy subjects were compared using an unpaired t-test. A paired t-test was used to 
compare results within the same group. A P-value of <0,05 was considered significant. 
3. Results 
The main clinical features of the study group patients are presented in Table 1. 
 
Index Abs. % 
LV EF (%) 37,1±12,4 - 
LV EDI (ml/m2) 112,4±28,2 - 
LV ESI (ml/m2) 73,8±27,6 - 
Diabetes mellitus (n) 14 12,1% 
Hypertension (n) 75 64,7% 
 Angina pectoris 107 92,3% 
Functional class I 15 12,9% 
Functional class II 23 19,8% 
Functional class III 64 55,2% 
Functional class IV 14 12,1% 
Heart failure (NYHA functional class) 
I (LV > 45%) 17 14,7% 
II (LV < 45%) 86 74,1% 
I (LV < 45%) 13 11,2% 
Lesions localization 
3-vessels disease and/or left main (n) 41 35,3% 
2-vessels disease (n) 43 37,1% 
1 -vessel disease (n) 32 27,6% 
Aneurism localization 
Predominantly anterior LV aneurism (n) 28 24,1% 
Anterior + apical aneurism + inferior (n) 38 32,8% 
Anterior + septal + apical aneurism (n) 50 43,1% 
*Data are presented as total (n) or M±SD (n=116) 
Table 1. Clinical features of the patients studied 
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As it is seen from the table, according to CVG data there were predominantly patients with 
2- and 3-vessels disease of left main coronary artery lesion. Aneurisms according to CVG, 
MSCT and EchoCG data were mainly located in the anterior LV segments with frequent 
propagation to interventricular septum (IVS) and LV apex (43,1% cases) and LV apex with 
propagation to inferior apical segments (32,8% cases). 
At comparison of results of LV global contractility (LV EF) data of different visualization 
methods significantly correlated between each other. EchoCG data highly correlated both 
with CVG (r=0,80) and MSCT (r=0,71, р<0,0001). Comparison of LV EF results according to 
CVG and MSCT also showed good correlation (r=0,73, р<0,0001 compared to EchoCG data) 
(Fig. 1, 2.). Thus, in LV global contractility evaluation all three methods were equally 
precise, while EchoCG is the method of preference, as having the least limitations, which 
corresponds to existing guidelines (Scanlon et al., 1999).  
 
 
Fig. 1. Correlation of LV EF calculation according to CVG and EchoCG 
At LV chronic aneurism diagnosis MSCT was the most sensitive method, which allowed 
diagnosis of aneurism in 100% cases. During EchoCG false negative result was obtained in 1 
(0,09%) case, but there were no false positive results. At CVG there were 7 false negative 
(6,0%) cases but no false positive cases (accuracy – 86,2%, р<0,0001 compared both to MSCT 
and EchoCG).  
MSCT sensitivity in aneurism diagnosis compared to CVG was 90,8%, while EchoCG 
sensitivity equaled 89,5% (р=0,74), while methods’ specificity constituted 60% and 65%, 
respectively (р=0,43). Positive predictive value of methods was 89,6% and 90,7% (р=0,78), 
while negative predictive value was 63,2% and 61,9% (р=0,84), respectively (Table 2).  
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Fig. 2. Correlation of LV EF calculation according to CVG and MSCT 
 
MSCT EchoCG р 
Se = 90,8% Se = 89,5% 0,74 
Sp = 60,0% Sp = 65,0% 0,43 
+PV = 89,6% +PV = 90,7% 0,78 
- PV = 63,2% - PV = 61,9% 0,84 
Table 2. Comparison of diagnostic value of the studied methods in LV chronic aneurism 
diagnosis compared to CVG and post operation results 
Frequency of aneurism diagnosis according to CVG data significantly correlated both with 
MSCT (r=0,62, р<0,0001) and EchoCG (r=0,63, р<0,0001).  
Aneurism thrombosis during operation was found in 37 (31,9%) cases. Before operation 
according to CVG there were 14 (12,1%) false negative and 8 (6,9%) false positive aneurism 
thrombosis cases (accuracy – 81,0% of post operation findings). According to EchoCG data 
there were 5 (4,3%) false negative and 2 (1,7%) false positive cases (accuracy – 94,0%, 
р=0,0031 compared to CVG). At MSCT exams there were no false negative or false positive 
results (accuracy – 100%, р<0,0001 compared to CVG). Frequency of simultaneous correct 
LV aneurism thrombosis diagnosis was 48,7% (18 cases). 
Data regarding diagnostic value of MSCT and EchoCG compared to CVG is presented in 
Table 3.  
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MSCT EchoCG р 
Se = 69,2% Se = 61,5% 0,22 
Sp = 79,7% Sp = 76,8% 0,59 
+ PV = 56,3% + PV = 50,0% 0,34 
- PV = 87,3% - PV = 84,1% 0,49 
Table 3. Comparison of diagnostic value of the studied methods in LV aneurism thrombosis 
diagnosis compared to CVG and post operation results 
Frequency of LV aneurism thrombosis diagnosis by CVG correlated both with MSCT 
(r=0,52, p<0,0001) and EchoCG (r=0,36, p<0,0001). Still, the highest correlation was found 
between LV aneurism thrombosis diagnosis provided by MSCT and EchoCG (r=0,86, 
p<0,0001 compared to CVG in both cases) (Fig. 3). 
 
 
Fig. 3. Correlation of LV aneurism thrombosis diagnosis according to MSCT and EchoCG 
data 
4. Discussion  
According to the results of our study, MSCT showed the highest accuracy in diagnosis of  
LV chronic aneurism, as well as its thrombosis, compared to CVG and EchoCG. MSCT and 
EchoCG also showed high sensitivity and positive predictive value in diagnosis of LV 
chronic aneurism and high specificity and negative predictive value in diagnosis of LV 
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aneurism thrombosis compared to CVG. On the other hand, results of CVG significantly 
correlated with both MSCT and EchoCG results data. Despite the fact that CVG is 
considered to be an invasive “golden standard” in diagnosing LV structural pathology, high 
accuracy of MSCT and EchoCG is explained due to visualization of the whole LV wall with 
characteristic myocardial signal. During CVG invasive cardiologist sees only endocardial 
contour outlined by contrast, which might be a cause of false positive or false negative 
diagnosis, especially in case of a small aneurism, which is shown by our study data by 
intraoperational findings of LV aneurism and its thrombosis and corresponds to reference 
data (Budoff, 2004; Dirksen et al., 2002; Dolzhenko et al., 2007; Masaki et al., 2005; Schuijf et 
al., 2004). Besides, during MSCT or EchoCG thrombotic tissue has certain structural texture, 
significantly visually different from one of myocardium, which explains higher accuracy of 
these methods in aneurism thrombosis diagnosis compared to CVG, especially in case of flat 
and thin parietal clot (Laissy et al., 2007), when CVG does not show significant contrast 
filling defect. These considerations are confirmed by results of our study and may explain 
high accuracy, sensitivity and positive predictive value of MSCT in LV aneurism 
thrombosis diagnosis. MSCT and EchoCG show identical positive and negative predictive 
value in LV aneurism thrombosis diagnosis, while EchoCG shows significantly higher 
specificity and positive predictive value in LV chronic aneurism diagnosis compared to 
MSCT.  
4.1 Study limitations 
In case of defining LV volumes and EF EchoCG is the method of preference being reliable, 
non-invasive and, thus, having minimum of limitations (Becher et al., 2004; Budoff, 2004; 
Dolzhenko et al., 2007; Swedberg et al., 2005). Despite good correlations between all 
methods of visualization, MSCT seemed to give seriously lower absolute values of LV EF 
compared to EchoCG. Higher accuracy in defining LV global contractility by EchoCG may 
be explained by the fact, that LV volumes quantification by EchoCG is performed in two 
perpendicular planes under visual and manual control of sonographist. On the other hand, 
in CVG or MSCT EDV and ESV quantification is performed automatically by installed 
software in one fixed projection, which may lead to inaccuracy, especially in case of marked 
LV eccentric remodeling and aneurism presence (Budoff, 2004; Dirksen et al., 2002; Fleisher 
et al., 2007; Scanlon et al., 1999).  
5. Conclusion 
In the patients with LV chronic postinfarction aneurism data of non-invasive methods 
highly correlate with CVG data. In LV chronic aneurism diagnosis transthoracic EchoCG 
and MSCT have high accuracy compared to CVG due to high sensitivity and positive 
predictive value of these methods. There was no significant difference between prognostic 
value of MSCT and transthoracic EchoCG in LV chronic aneurism and its thrombosis 
diagnosis, which allows to consider MSCT a reliable alternative to EchoCG in LV structural 
anomalies diagnosis in the patients after AMI prior to planned CABG+AE. Data provided 
by MSCT and transthoracic EchoCG in LV chronic aneurism and its thrombosis 
significantly highly correlate with “golden standard” CVG results, which allows to 
consider these non-invasive methods highly reliable in defining the discussed myocardial 
structural anomalies. 
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